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Introduction

Based on government motorcycle test standards in this
country and abroad, your head may sustain a transmitted
deceleration of up to 400 g as a result of impacting pavement
from a six~foot fall., Various studies since 1962 have shown that
g levels above 150 will result in various degrees of injury.
Levels about 250 g could be fatal based on the studies of
knockout boxing impacts; thus, it is imperative that helmet
design/test criteria be revised.

It is well within industry capability to construct improved
impact protective helmets; however, the compressive foam must be
reduced in density and increased in thickness and the test impact
surface must be changed to a flat rather than a sharp corner
surface.

This report illustrates the performance of two foreign
motorcycle helmets and shows the improvement possible by reducing
foam density and increasing its thickness.

Method

The commercial motorcycle helmet shown in Figure 1, was
impact evaluated. The shell was a solid integral-white plastic
of 4.2 mm thickness at the crown, with a thickness of 3.5 mm in
the hatband region. The polystyrene energy-absorbing liner of 12
mm thickness was located about 3 cm above the ear canal at the
sides and about 2 cm below the occipital bone at the rear.
Retention of the helmet was accomplished by the chin strap, which
was yoke-mounted to the shell. The yoke mount is preferable to a
single swivel mount to the shell because rotation either forward
or rearward is more difficult.

Procedure

The impact tests were conducted on a drop tower conforming
to or exceeding American Standards Association (ASA) 290.1-1971
standards; the impact test device is shown in Figure 2. The
rigid base plate exceeds Z90.1 requirements by an order of
magnitude; i.e., it weighs over 1800 kg. This mass insures that
the headform acceleration is as accurate as 1is feasible at high
acceleration levels. The helmeted headform was impacted
primarily on a flat surface, but three impacts were conducted on
the standard 290.1 (4.8 cm radius hemisphere) impact surface to
provide comparative data. The helmets were placed on a medium
size (3.76 kg) cast magnesium headform with one accelerometer
mounted near the center of gravity as shown in Figure 2, The
magnesium headform was attached to a lightweight cage and the
cage was guided vertically on two steel cables, The headform,
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helmet, and cage were elevated up the vertical cables to a
selected drop height for each impact test. The weight of the
headform and cage was 11.0 1b (5.0 kg) while the weight of the
helmet was 2.9 1b (1.3 kg) for a total drop weight of 13.9 1b
(6.3 kg).

Soft padding Shell
for fitting

Rigid foa
liner

Nylon
padding

Locked to
shell edge trim

Figure 1., Cutaway view of the motorcycle test helmet.

A uni~-axial accelerometer was positioned near the headform's
center~of-mass, and its signal was amplified by a signal
conditioner. Three piezoelectric load washers (Kistler type
9021 ) were positioned beneath the force plate shown in Figure .
The accelerometer and force plate transducer were displayed on an
oscilloscope and also read from peak voltage meters.

The test sequence and impact locations for the motorcycle
helmet are shown in Table l. The drop sequence is shown by test
number in the table. The drop height was varied from 0.91- to
2.44-!!.

e g

B

A VTR X2

LA -

:.i--

N

[
-

A4 WS

-
-~
-

i 3
ey
g ¥ES4

g TLLIZTRS

W

ﬂrﬂf'n"' o o s 7

oz

4‘m' W T P s



S o™




£

ot O

[Ag" R I

€ghatay cal eay o

e o e e L i V™ e S e e L ik s sy FXER QLK 503 5 g gy g -~ ’ o .
RSP ICISIE i NOTEateler>% w 0“ Nl o o -.bhﬁ“ J ’Qﬂﬂi\.’ = LA s 1 v ir 2 AN uif-.! Bx F&M ”\l\ \&\ “H-vull-.? i-ilnvlqc &I. \*N
3 N J . ! . :
19UWI3H JO juoi4
1 uoriednp asnd (eioy _ oA . mo . i ) et rEs e ~
)\’/ AV~ 30uIY (Buwty X [900F) Japun e3de b PRROTIOS s panenorES ST OSL (R BTUl 0,
7 9 suedd 0L0G J¢ a%ed apind pue waojpeay Jo ssew : w u X (gt
WO <m PUE SUOIMBN 1T A0U0) Pal3IWSUBL © J ENENI ‘qu_l.ﬂ Lo SHMOTIC) S paBInO[RD ST 8n[es STuj L,
419 aoejuns joudwl au3 1F [[AD PROUT UT 3DJ0OJ UOII0BAY (D)
H 10BU0D jOo utod s,13wiay ©) 20oeJins 10edwl AYY WodJ IDUBSIP [BII11J43A (q)
wJojpeay [e1aw sul 01 3IFJUNS 13INO [[3YS wWOdj 3duelsSIq (B)
6L° StL 2 g6 Lee L92 0LZ'‘gL 22"\ G2 Ly14 H1D 1dd 91 Z
hg* £°9 87801 262 082 0£6‘gL 2t 12 MUMK ] H1D 4Y3H HOC 4
[ 2L 6°£g 9Ll tie oLn‘ot 16°0 12 1v13 HY3H 1 461 4
19 91 G'tg LAY 202 0L0‘0!L 1670 q2 Lv1d aais 1 3glt Z
i9° gL 0°6L 661 681 oth'é 160 hee 1vid 44 1 all 2
8" L°L 8°06 0f€ i€ 060° L1 iht £°f " yvay o 291 2
oL 0°01 2'2g 961 h0cC oLL'ol I D1 L2 " 340IS ¥ ac1 Z
aJaaydstway
26" £°G ne2tklL 1319 6£¢€ 0689t Lyt nel ‘pPEJ wWog'h 143 ¥ Vit b4
1t L9 9Ll 2gt h6t 02961 gL2 62 L¥1d | Hvay 41D Hge (
g’ 9°9 0°6tL oth ghh 00t ‘e tLee 6°1 V14 ¥4 41D nGe l
AN 0'9 hoHGtL 9LS 109 0£0‘0¢ th'e 12 1v14 yvay dne 1
86" 9L g et 06§ LLE onL‘gl hh*e G2 Ly1d 3q1s 1 32 l
EL: 0°8 noLtl 2oh LT3 029°61 hhoe 12 lv1d M3 1 aee 1
h9° 3°9 L' Lg2 862 otgnt Lht 2°c Lv1d HY34 N ohl l
28° Ll 650t g6c 6L2 068°€1L intt 92 ly13 301 M gaft 1
86" 0°g 26 6ne hhe 060°2L Lhot 5¢e 1y lud o Vol 1
(das/m) (o3st1111m) (D) (D) (D) (SNOLM3N) (sJ933uw) (wd) 30V34¥NS | NOILYD0T | ON "ON
ALIDOT3A NOIlvung *8ay Av3d AV3Ad 30404 LHDIAH “ISId L1OVdWI dOHQ d0Hd 13WT3H
anNnod3y 3snd (®)°o1%D a3yNsSyY3aW ] (p) 21D | (°)A3UNSYINW (Q)doyd (€) 135440
NOI1Vid313230
up paanseaw K3Jd2013A punoqai pue ¢a30103 pallrwsue1rl ‘9 jeaqd °] I|qel

*sjoeduy waojpeay-jawiay 9]

- v
MU A INASAS

»

R KA

U
o

(A%
AL RN A

?.t.,‘.

.."»'l' .l".‘.."l', )

OLDOLN Y XY

B L L) (RJIE)
RO R R R R

?
""‘I"J:" Y

N



Results and discussion

The two motorcycle-type helmets were subjected to 16 impact
tests. The location of impact, energy of impact (drop height and
total drop mass), impact surface, transmitted force, and
gcceleration to the headform are presented in Table 1. The

- centroid of all impact points was at least 6 cm above the lower
edge of the foam liner. The effect of increased drop height and
concomitant impact energy from 0.91 to 1,47 m is shown in the
plot of acceleration vs., time in Figure 3. The difference
between a flat surface and a 4.8 cm radiused surface for equal
impact energy (1.47 m drop height) also is shown in Figure 3. It
should be observed that the acceleration value obtained for eight
(Nos. 10, 13, 14, 17, 18, 19, 20, and 21) impact tests at three
different drop heights (0.91-, 1.22-, and 1.47 m) are consistent.
This indicates uniform quality of the helmets as well as good
instrumentation, The significant variation of the traces in the
4,8-cm radius drops shown in Figure 3 probably are caused by
friction between the guide cables and the headform guide cage.
This type of problem is more likely to occur when impacting the
radiused surface than when impacting a flat surface due %o the
lateral movement of the headform and guide cage, as the helmet
tends to “slip or slide” down the side of the radiused surface.
The effect of increasing the drop height to 2.13- and to 2.44-m
is shown in Figure 4. At the 2.13-m drop height, the two traces
nearly are identical. At the 2.44-m drop height, the three
traces differ as evidenced from comparison of the 580 peak g on
run 24 F (left rear) and the 350 peak g on run 23 E (left side).
This large difference in peak g response most likely is caused by
the "bottoming out™ of the foam liner in run 24 F due to the
small volume of foam compressed. A difference of only | mm in
crush distance can result in a significantly large change in the
peak acceleration level. It is possible that the friction
prevented drops 22 D and 23 E from being greater than shown in
Figure 4,
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Peak headform deceleration vs. drop height is shown in
Figure 5 and can be compared to the derived WSU tolerance curve
(Haley et al. 1966); the effect of various energy levels is
shown. The derived curve reveals (with three exceptions) that
all evperimental impacts on these helmets resulted in injurious 4
values.
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The 1975 Snell Foundation Helmet Specification calls for the

.
. 4
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helmet to permit transmission of a peak accelerationm of 30u g or AN
* less when dropped from a height of 3.3 m (10.83 ft). From Figure 5
5, it can be seen that 9 out of the 16 experimental drops ﬁf'
(Nos. 10, 12, 13, 14, 17, 18, 19, 20, and 21) would have passed ~
the Snell Specification while the experimental runs designated ﬁv‘

Nos. 11, 16, 22, 23, 24, 25, and 26 would not have passed.
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MOTORCYCLE HELMET
IMPACT IDENTITY SURFACE
O Helmet No. 1 - Flat Impactor

O Helmet No. 2 - Flat Impactor
® Heimet No. 2 - 4.8 cm Rad. Hemisphere Impactor
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Figure 5. Peak headform deceleration vs. drop height compared to
derived Wayne State University tolerance curve.
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The British Standard requires that a motorcycle helmet not e

cause a peak headform force of greater than 4,400 1b (19,580 N)
vhen a 5 kg headform mass is dropped from a height of 2.5 am (8.20 s
ft). From Table 1, it can be seen that experimental drops 24 and .
25 resulted in a transmitted force of 30,000 N (6,673 1b) sand J
22,300 N (4,955 1b), respectively, and would have failed the 1
}

. requirements of the British (2001) Standard, as well as the US .
Department of Transportation (DOT) 218 Standard and the 1975 Y
Snell Fouundation Standard. ﬁ

. :

The fact that two of the impacts resulted in such a high
level of transmitted force and acceleration focuses attention on ,
the inadequate liner provided in the helmet. The liner should be ‘
no less than twice the thickness provided; i.e., the liner should )
be no less than 25 mm in order to lower the transmitted force to '
tolerable levels for all impacts greater than | m in drop height.

-

Since it may be expected that motorcyclists may fall or be
thrown from heights of 1.6 m up to 3.0 m, it is clear that riders
could receive various degrees of head injury while wearing the
helmet. These energy values are within the limits of 3.3 m
(Snell 1975) and 1.8 m (DOT 218) for energy; however, both these
standards permit transmitted acceleration to the head which is
far in excess of the values recommended (Gurdjian 1962 and Haley
et al., 1966, 1983).

- -

L4

Compendium of US Army SPH-4 flight helmet testing

For comparative purposes, the transmitted deceleration of
the standard US Army Flight Helmet (Figure 6), the Sound
Protective Helmet No. 4 (SPH-4), for 3- through 6~ft drops is
summarized in Figure 7. The thickness and density of the SPH=~4 \
helmet was varied as shown in Figure 7 to determine the effect on
transmitted peak g. It should be noted that the SPH-4 contains a N
polystyrene foam liner along with an energy-absorbing web "
suspension so that one would expect the helmet to yield lower bt
peak g values, especially in the apex region than do other .
helmets with equal foam thickness. "

CTARAAL

Y e W SR A

o Note in Figure 7 that doubling the thickness of the
: polystyrene foam liner of the SPH-4 can result in headform peak g "
values of only 140 g at a drop height of 6 ft. This would -
! increase the weight by oniy one-tenth (0.1) 1b. Such dramatic .
improvement clearly points the way to laproved helmet design. -
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Conclusions

l. The motorcycle helmets tested did not provide adequate
force attenuation to prevent concussion and/or more serious
injury at all energy levels greater that a l-m drop height.

2, Existing helmet standards permit the production of
helmets which provide less protection than is possible,
practical, and feasible.

3. The motorcycle helmets tested could be changed to -
provide more adequate protection by the doubling of the liner
thickness to approximately 2.5 cm.
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